1. Introduction
===============

As the global population ages, the incidence of diabetes is increasing year by year and people have paid more and more attention to the treatment of the disease. It is estimated that there are 451 million (age 18--99 years) people with diabetes in the world in 2017, this figure was expected to increase to 693 million by 2045.^\[[@R1]\]^ Diabetes mellitus is a chronic metabolic disease characterized by insulin secretion defects, insulin resistance, and a progressive loss of β-cell function, which causes an increase in plasma glucose levels.^\[[@R2]\]^ Hyperglycaemia is associated with microvascular and macrovascular complications in people with diabetes, the incidence and severity of these complications can be reduced by early and sustained glycaemic control.^\[[@R3]\]^ Therefore, the aim of lowering blood glucose is to reduce the risk of long-term complications such as the damage to eyesight and kidneys of diabetes. At present, different kinds of antidiabetic agents including metformin, sulphonylureas, thiazolidinediones, alpha-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors, and glucagon-like peptide-1 utilize different mechanisms to lower blood glucose level in patients with type 2 diabetes (T2DM) inadequately controlled by diet and exercise. However, most of them are dependent on insulin secretion or function, it is usually insufficient to achieve or maintain glycaemic goals with the progress of diabetes and progressive loss of β-cell function. Treatment for T2DM requires new mechanisms of action and synergistic drugs.

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors have been proposed as a novel therapeutic strategy for diabetes. The SGLT-2 that specifically expressed in the proximal S1 segment of renal tubular mediates glucose reabsorption in the early proximal tubule and almost 90% of glucose reabsorption by the kidney. SGLT-2 inhibitors can reduce renal glucose reabsorption in the proximal convoluted tubule by specifically inhibiting the activity of SGLT-2, leading to increased urinary glucose excretion.^\[[@R4]--[@R6]\]^ Many members of SGLT-2 inhibitors currently are in varying stages of clinical development, and the drugs already approved in Europe including canagliflozin, empagliflozin, and dapagliflozin. The recommended starting dose of canagliflozin is 100 mg once a day in Europe, the mean absolute oral bioavailability is approximately 65%, peak plasma concentrations of canagliflozin occurs within 1 to 2 hours post-dose, and the half-life was 10.6 hours. The recommended starting dose of empagliflozin is 10 mg once a day in Europe, after oral administration, peak plasma concentrations of empagliflozin were reached at 1.5 hours post-dose, and the half-life was 12.4 hours. The recommended dose of dapagliflozin is 10 mg once daily in Europe, while the recommended starting dose in the United States and China is 5 mg. It is rapidly absorbed after oral administration, achieving maximal plasma concentrations within 2 hours, the oral bioavailability following the administration of a 10 mg dose is 78%, and the mean half-life was 12.9 hours. Dapagliflozin, a highly selective SGLT-2 inhibitor, was approved as a monotherapy or add-on therapy for T2DM in the European Union in November 2012 and in the USA in January 2014, it was also approved by China\'s State Food and Drug Administration in 2017. Previous studies^\[[@R7],[@R8]\]^ showed that dapagliflozin is effective in reducing HbA1c, FPG, and body weight in models of T2DM and in clinical trials with less hypoglycemic events. We found dapagliflozin monotherapy is effective in glucose control and patients have good adherence due to easy way to use (5--10 mg qd).^\[[@R9]--[@R11]\]^

At present, there are many clinical studies and meta-analysis on dapagliflozin combined with metformin, sulfonylureas, insulin, and other hypoglycemic agents for the treatment of T2DM, but there are few meta-analysis on dapagliflozin as monotherapy for T2DM. In this review, we summarize the available data concerning the efficacy and safety of this novel antidiabetes therapeutic monotherapy.

2. Methods
==========

2.1. Search strategy
--------------------

We searched PubMed, Embase, Cochrane Library, CNKI, Wanfang, and VIP database (any date up to October 31, 2018, restricted to randomized clinical trials) with language restrictions in English and Chinese, search terms used were "sodium--glucose co-transporter 2 inhibitor," "SGLT2 inhibitor," "dapagliflozin," "efficacy," and "monotherapy." No attempt was made at identifying and retrieving unpublished studies.

2.2. Study selection criteria
-----------------------------

All participants were men and women aged 18 to 80 years who were diagnosed with T2DM based on the standards criteria of American Diabetes Association (ADA).^\[[@R11]\]^ Patients were required to be drug naive (defined as never received the prescription medication or received it for \<24 weeks since the original diagnosis) at the enrollment visit. Randomized controlled trials (RCTs) included in this study were taken to evaluate the efficacy and safety of dapagliflozin as monotherapy in patients with T2DM. The trials should last for \>12 weeks and the outcomes should include the changes of HbA1c, FPG, body weight from baseline. Patients were excluded if they had serious renal, endocrine, vascular, hematological, or oncological disease. Articles with significant shortcomings in the study protocol or data analysis were excluded.

2.3. Data extraction
--------------------

Two investigators independently extracted data using a standardized tool. On the basis of the inclusion and exclusion criteria, the reviewers carefully scrutinized the baseline characteristics of participants, study design, daily dose of dapagliflozin, efficacy, and safety outcomes.

2.4. Quality assessment
-----------------------

All of the included studies were evaluated according to the Cochrane Collaboration\'s tool for assessing risk of bias that includes random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias.^\[[@R12]\]^

2.5. Statistical analysis
-------------------------

According to the Cochrane System Evaluator\'s Handbook, the data from different studies were transformed and combined, and then the meta-analysis was performed using RevMan software 5.3 (the software was released by the Cochrane Collaboration, the Nordic Cochrane Centre, Copenhagen, Denmark). *I*^2^ statistic was used to analyze the heterogeneity between different studies, *P* ≥ .1 showed no statistical heterogeneity between studies, and a fixed effect model was used, *P* \< .1 indicates statistical heterogeneity between studies, which needs to be heterogeneous. We reduced the heterogeneity by the subgroup analysis. For continuous data including mean changes from baseline in HbA1c, body weight and FPG, we used weighted mean difference (WMD) and 95% confidence interval (95%CI), for dichotomous data like adverse events, while the outcomes were expressed as the relative risk (RR) and 95%CI. The difference was statistically significant when *P* \< .05.

3. Results
==========

3.1. Description of the studies
-------------------------------

There were 431 possibly related studies obtained through the literature search, and 6 RCT studies finally included. The process of literature screening is shown in Supplementary Appendix 1. The main characteristics of the included studies are summarized in Table [1](#T1){ref-type="table"}. These RCTs were published between 2009 and 2014. A total of 2033 participants were included, 470 patients were in the placebo group, and 1563 in the dapagliflozin groups with different doses. The study durations lasted from 12 to 24 weeks, the clinical characteristics were well matched for age, sex distribution, body mass index (BMI), HbA1c, FPG, and weight in all groups at the beginning of each study. The dapagliflozin was administered once per day in the morning in all trials,^\[[@R13]--[@R18]\]^ at a dose of 1.0 to 50.0 mg, whereas the patients received dapagliflozin once daily in the evening in one of them.^\[[@R16]\]^ All of the included studies compared dapagliflozin with placebo. All of the included studies were evaluated according to the Cochrane Collaboration\'s tool, the result were shown in Fig. [1](#F1){ref-type="fig"}(A--B).

###### 
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3.2. Glycosylated hemoglobin A1c (HbA1c)
----------------------------------------

In all included studies,^\[[@R13]--[@R18]\]^ dapagliflozin was compared with placebo, random effect models and the subgroup analysis were used to analyze this outcome because of the heterogeneity between the different groups. Six trials with total of 2033 patients provided data of HbA1c changed from baseline. The result shown that dapagliflozin produced greater mean reductions in HbA1c from baseline, compared with placebo (WMD: −0.60%; 95%CI: --0.67, --0.52; *P* \< .00001, *I*^2^ = 51%). The subgroup analysis based on the dosage of dapagliflozin showed that, 1, 2.5, 5, and 10 mg/d dapagliflozin monotherapy lowered HbA1c compared with placebo (for 1 mg/d dapagliflozin: WMD: --0.55%; 95%CI: --0.74, --0.36; *P* \< .00001; for 2.5 mg/d dapagliflozin: WMD: --0.52%; 95%CI: --0.63, --0.41; *P* \< .00001; for 5 mg/d dapagliflozin: WMD: --0.61%; 95%CI: --0.75, --0.47; *P* \< .00001; for 10 mg/d dapagliflozin: WMD: --0.65%; 95%CI: --0.81, --0.49; *P* \< .00001) (Fig. [2](#F2){ref-type="fig"}).
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3.3. Fasting plasma glucose (FPG)
---------------------------------

Six trials^\[[@R13]--[@R18]\]^ measured the change from baseline of FPG. The results are shown in Fig. [3](#F3){ref-type="fig"}. Compared with placebo, dapagliflozin monotherapy was efficacy to control the level of FPG (WMD: --1.30 mmol/L; 95%CI: --1.52, --1.08; *P* \< .00001, *I*^2^ = 75%). The subgroup analysis based on the dosage of dapagliflozin showed that, 1, 2.5, 5, and 10 mg/d dapagliflozin lowered FPG level compared with placebo (for 1 mg/d dapagliflozin: WMD: --1.19 mmol/L; 95%CI: --1.83, --0.56; *P* = .0002; for 2.5 mg/d dapagliflozin: WMD: --1.10 mmol/L; 95%CI: --1.57, --0.62; *P* \< .00001; for 5 mg/d dapagliflozin: WMD: --1.29 mmol/L; 95%CI: --1.66, --0.93; *P* \< .00001; for 10 mg/d dapagliflozin: WMD: --1.50 mmol/L; 95%CI: --1.95, --1.05; *P* \< .00001).
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3.4. Body weight
----------------

In this meta-analysis, all of the included studies^\[[@R13]--[@R18]\]^ involving 2033 patients reported the change of body weight from baseline. The dapagliflozin was associated with a significant decrease in body weight compared with placebo (WMD: --1.50 kg; 95%CI: --1.67, --1.32; *P* \< .00001, *I*^2^ = 0%). The subgroup analysis based on the dosage of dapagliflozin showed that, 1, 2.5, 5, and 10 mg/d dapagliflozin reduced body weight compared with placebo (for 1 mg/d dapagliflozin: WMD: --1.30 kg; 95%CI: --1.76, --0.84; *P* \< .00001; for 2.5 mg/d dapagliflozin: WMD: --1.32 kg; 95%CI: --1.70, --0.94; *P* \< .00001; for 5 mg/d dapagliflozin: WMD: --1.56 kg; 95%CI: --1.86, --1.26; *P* \< .00001; for 10 mg/d dapagliflozin: WMD: --1.64 kg; 95% CI: --1.95, --1.33; *P* \< .00001) (Fig. [4](#F4){ref-type="fig"}).
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3.5. Adverse events
-------------------

### 3.5.1. Urinary tract infections (UTIs) and genital infections

All of the included studies^\[[@R13]--[@R18]\]^ involving 2033 patients provided the data on the signs, symptoms, and events suggestive of urinary tract infections. Dapagliflozin increased the risk of UTIs (RR: 1.74; 95%CI: 1.21, 2.49; *P* = .003, *I*^2^ = 0%). Five trials^\[[@R13],[@R15]--[@R18]\]^ involving 1722 patients measured the signs, symptoms, and events that suggestive of genital infections like vulvovaginitis, balanitis, posthitis. The meta-analysis showed that dapagliflozin increased the risk of genital infections (RR: 3.52; 95%CI: 2.06, 6.03; *P* \< .00001, *I*^2^ = 0%) (The outcome was shown in Figs. [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}). Dapagliflozin increased the risk of UTIs and genital infections may be related to the drug\'s promotion of urine glucose excretion which can provide favorable conditions for bacterial and fungal reproduction of the genitourinary system.

![Urinary tract infections: dapagliflozin versus placebo.](medi-98-e16575-g006){#F5}
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### 3.5.2. Hypoglycemia

Three studies^\[[@R13],[@R16],[@R18]\]^ (n = 1100) included in the meta-analysis reported the data on the incidence of hypoglycemia. The result was shown in Supplementary Appendix 2. Dapagliflozin monotherapy did not cause hypoglycaemia (RR: 1.13; 95%CI: 0.62, 2.07; *P* = .68, *I*^2^ = 0%). Other study^\[[@R8]\]^ has shown that dapagliflozin may increase the risk of hypoglycemia when combined with other hypoglycaemic drugs.

### 3.5.3. Headache

There are 4 trials^\[[@R13],[@R16],[@R18]\]^ (n = 1379) included in this study reported the data of headache. The dapagliflozin group was similar to the placebo group in the risk of headache (RR: 0.96; 95%CI: 0.69, 1.35; *P* = .83, *I*^2^ = 0%). (Supplementary Appendix 3).

### 3.5.4. Nasopharyngitis

Five trials^\[[@R13]--[@R17]\]^ involving 1700 patients reported adverse event of nasopharyngitis. This meta-analysis showed that dapagliflozin treatment did not increase the risk of nasopharyngitis (RR: 1.00; 95%CI: 0.78, 1.27; *P* = .97, *I*^2^ = 0%). (Supplementary Appendix 4).

### 3.5.5. Gastrointestinal symptoms

Different gastrointestinal symptoms like diarrhea, constipation, gastritis, gastroenteritis, and nausea were reported in the trials included in this study. There are 3 studies^\[[@R15],[@R16],[@R18]\]^ (n = 1211) reported diarrhea, the result was shown in Supplementary Appendix 5, it showed that dapagliflozin monotherapy in patients with T2DM did not increase the proportion of diarrhea (RR: 1.33; 95%CI: 0.77, 2.30; *P* = .31, *I*^2^ = 18%), and other gastrointestinal symptoms cannot be meta-analyzed because of the limitation of the data.

### 3.5.6. Hypovolaemia

Three studies^\[[@R13],[@R16],[@R18]\]^ (n = 1100) included in the meta-analysis reported the data on the signs, symptoms, and events suggestive of hypovolaemia such as dehydration. The dapagliflozin did not increase the risk of hypovolaemia versus placebo (RR: 0.74; 95%CI: 0.32, 1.71; *P* = .47, *I*^2^ = 0%). (Supplementary Appendix 6).

### 3.5.7. Other adverse events

Some other adverse events were mentioned in the articles included in this study. There is a study^\[[@R13]\]^ included in this meta-analysis reported pharyngitis, dizziness, hypertriglyceridemia, and hypercholesterolemia; other 2 studies^\[[@R14],[@R15]\]^ reported renal impairment; 1 study^\[[@R14]\]^ reported dental caries and another study^\[[@R15]\]^ reported toothache, back pain, cough, thrombocytopenia, increased N-acetyl-β-D-glucosaminidase and blood creatine phosphokinase. The above symptoms occurred in both dapagliflozin groups and placebo groups except thrombocytopenia and increased blood creatine phosphokinase which only occurred in dapagliflozin groups. At present, there is no enough data to support the difference between the dapagliflozin and placebo about these adverse events. There is a study^\[[@R19]\]^ reported a case on dapagliflozin tablets associated allergic reaction and fluid filled lesion on legs in a diabetic patient, and the causality of the event was analyzed by Naranjo\'s ADR probability scale and the score was 5, which can be a probable event. There are also reports on the increased risk of bladder cancer and breast cancer with dapagliflozin.

4. Discussion
=============

There are numerous hypoglycemic drugs in clinical use, but most of them are associated with adverse effects such as hypoglycemia and weight gain, almost half of patients with T2DM still do not meet glycaemic targets.^\[[@R20],[@R21]\]^ SGLT2 inhibitors are a new therapeutic class of oral agents for the treatment of T2DM. The sodium-glucose cotransporter (SGLT) is a glucose transporter with multiple subtypes including SGLT1 to SGLT6,^\[[@R22]\]^ SGLT1 and SGLT2 are involved in the glucose reabsorption process.^\[[@R23]--[@R25]\]^ SGLT1 is a high-affinity, low-capacity glucose carrier, which mainly located in the small intestine brush border and the S3 segment of the renal distal tubule, responsible for 10% filtered glucose reabsorption.^\[[@R25]\]^ SGLT2 is a low-affinity, high-capacity glucose transporter that is mainly expressed in the S1 segment of the renal proximal tubule, mediating 90% filtered glucose reabsorption.^\[[@R6]\]^ Dapagliflozin, a novel inhibitor of renal sodium-glucose cotransporter 2, reduces renal glucose reabsorption, leading to urinary glucose excretion and a reduction in blood glucose levels.

Some studies have shown that dapagliflozin was well tolerated and effective as combination therapy, the drug can significantly reduce HbA1c, FPG and body weight without increase risk of hypoglycemia in patients with T2DM,^\[[@R7],[@R26]--[@R28]\]^ furthermore, it can reduce blood pressure levels through weight loss and its action as osmotic diuretic.^\[[@R29]--[@R31]\]^ However, there are few reviews on dapagliflozin as monotherapy for type 2 diabetes, the aim of this study was to systematically evaluate the efficacy and safety of different doses of dapagliflozin monotherapy in the treatment of type 2 diabetes. The result of this study showed that dapagliflozin was associated with a significant decrease in HbA1c (*P* \< .00001), FPG (*P* \< .00001), and body weight (*P* \< .00001) compared with placebo, it is consistent with previous clinical trials. In the case of dapagliflozin lowering blood pressure, no meta-analysis was performed in this study due to limited data. In terms of drug safety, this study showed that dapagliflozin increased the risk of UTI (*P* = .003) and genital infections (*P* \< .00001), the mechanism by which dapagliflozin increase UTI and genital infections is unclear, it may be related to the increase in urine sugar, which provides a growth environment for bacteria and microorganisms. These studies showed that infections are usually mild to moderate and respond to standard antimicrobial treatment. While dapagliflozin was similar to placebo in increasing the risk of other adverse events including hypoglycemia (*P* = .68), headache (*P* = .83), nasopharyngitis (*P* = .97), diarrhea (*P* = .31), and hypovolaemia (*P* = .47). It has been reported that patients experienced a higher rate of hypoglycemic episodes when receiving dapagliflozin added to glimepiride or insulin versus placebo added to them,^\[[@R27],[@R32]\]^ but no patient discontinued study treatment as a result of hypoglycaemia. However, our study showed that dapagliflozin monotherapy does not increase the risk of hypoglycemic. It is considered that the increased risk of hypoglycemia may be related to insulin and glimepiride itself when dapagliflozin is combined with these drugs. Some studies have shown that patients with dapagliflozin have developed bladder cancer and breast cancer,^\[[@R33],[@R34]\]^ but this conclusion still needs further clinical trials to evaluate.

However, the literatures searched in this study were limited to Chinese and English, which leads to publication bias in the included studies. Since dapagliflozin is a new type of hypoglycemic agent, there are few studies on dapagliflozin monotherapy for type 2 diabetes, a total of 6 RCTs were included in the meta-analysis, and the sample size was small, the follow-up time was shorter, and the probability of bias was higher. The above conclusions still need more large-sample, long-course, multi-center clinical randomized controlled trials to evaluate.

5. Conclusion
=============

Our meta-analysis indicates that dapagliflozin was well tolerated and significantly lowered HbA1c, FPG, and body weight as monotherapy in patients with T2DM for the first time. Patients with T2DM take a higher risk of genital infection, treatment with dapagliflozin increased urine glucose excretion, and increased the risk of genitourinary infections. However, considering the limitations of this study, further high quality clinical trials are needed to evaluate the relevance of adverse events and the safety of application in specific populations.
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